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This  Report  deals  with  the  variation  of  percentage  of  elongation 
with  different  gauge  lengths  and  sections  of  test  bar.  It  is  based 
almost  entirely  on  tests  of  steel  plate  test  bars  supplied  by  Mr.  Colville,  10 
of  the  Dalzell  Steel  Works,  Motherwell,  N.B.,  and  by  Mr.  Dick,  of 
the  Parkgate  Steel  Works.  These  tests  cover  a  wide  range  of 
conditions,  and  no  such  complete  information  as  to  variation  of 
elongation  with  the  form  of  test  bar  has  been  previouslv  available. 
As  the  results  are,  it  is  believed,  valuable,  whatever  decision  may  be  15 
arrived  at  as  to  standard  forms  of  test  bars,  the  results  have  been  verv 
fully  and  Critically  discussed. 

I.     HISTORICAL. 

For  any  given  test  bar  the  elongation  e  in  a  gauge  length  /  is 
made  up  of  two  parts,  one  due  to  the  general  extension  between  the   20 
gauge  points,  which  is  proportional  to  /,  and  the  other  due  to  the 
local    contraction    a    which    is    nearly    independent    of   /        Hence 
approximately 

e  =  a  ■■■■  b  I 

where  a  and  b  are  constants  for  a  given  material  and  test  bars  of  the  2b 

same   cross   section.       It    is   obvious  then   that   the  percentage  of 

elongation. 

e  a 

=  100-T -=  100  (— ■■   0. 

diminishes  for  any  given  size  of  bar  as  the  gauge  length  is  increased. 
This  has  been  long  clearly  enough  recognised.  It  has  not  been  so  30 
generally  recognised  that  the  elongation  due  to  local  contraction  a 
depends  on  the  cross  section  of  the  test  bar,  and  that  therefore  for  a 
given  gauge  length,  the  percentage  of  elongation  varies  with  the  cross 
section  of  the  test  bar  and  increases  for  &  given  gauge  length  as  the 
cross  section  increases.  35 

The  details  of  the  experiments  and  the  plotted  elongation  cunt--  fbt  etch  bai 
have  been  omitted  from  this  Report 
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General  Elongation  exclusive  of  Local  Contraction. 

The  difficulty  of  comparing  the  elongation  of  different  test  bars 
would  disappear,  if  only  the  general  elongation  were  measured,  that 
is  the  elongation  at  the  moment  of  maximum  load,  before  local 
contraction  begins.  There  is  no  easy  way  of  doing  this  except  by  5 
taking  an  autograph  diagram  of  each  test,  and  this  is  not  practically 
possible  in  ordinary  testing. 

Elongation  of  Geometrically  Similar  Bars. 

In  the  case  of  bars  differing  in  size  it  is  found  that  geometrically 
similar  bars  deform  similarly  and  are  still  geometrically  similar  after   10 
deformation.     Thus  Fig.  i  shows  two  such  similar  bars,  the  ratio  of 
the  linear  dimensions  being  //.     If  ah  and  cd  are  similarly  placed 


3^^ 


Fig.  i. 

gauge  points  then  the  percentage  of  elongation  in  a  gauge  length  /,  in 
the  smaller  bar  and  that  in  a  gauge  length  /2  =  «/!  in  the  longer  bar  15 
will  be  the  same.     But  then  obviously  the  percentage  of  elongation 
in  equal  gauge  lengths  t\  and  /,  will  be  different. 

The  general  law  that  similar  test  bars  deform  similarly  when 
broken  by  tension  was  first  proved  by  M.  Barba  (Resistance  des 
Materiaux,  Memoires  de  la  Soc.  des  Ing.  Civiles,  1880).  It  follows  20 
that  for  cylindrical  test  bars  the  percentage  of  elongation  is  constant 
for  a  given  material  when  the  ratio  of  gauge  length  to  square  root  of 
cross  section  is  constant,  or  what  is  the  same  thing,  when  the  ratio 
of  gauge  length  to  diameter  is  constant.  In  the  case  of  plates  of 
varying  thickness  test  bars  could  only  in  strictness  be  geometrically  25 
similar,  if  a  different  gauge  length  were  adopted  for  each  thickness 
of  plate.  This  would  practically  be  very  inconvenient.  But  it  has 
been  found  that  in  plate  test  bars  of  a  given  material  the  percentage 
of  elongation  is  nearly  constant,  if  the  relation 


gauge  length 


square  root  of  area 


=    constant. 


30 


is  satisfied,  at  least  for  any  proportions  of  width  to  thickness  likely 
<   adopted  in  testing.     (See  Appendix  I.) 
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In  1884,  Mr.  W.  Hackney  read  a  paper  on  "The  adoption  of 
Standard  Forms  of  Test  Pieces "  before  the  Institution  of  Civil 
Engineers.  The  whole  object  of  this  paper  was  to  explain  the 
importance  of  Barba's  law  in  fixing  the  form  of  Test  Bars.  Mr. 
Hackney  stated  Barba's  law  quite  correctly  as  follows  : — "  When  the  5 
test  pieces  are  either  of  different  diameters  and  equal  lengths  or  of 
different  lengths  and  the  same  diameter,  the  percentages  of  ultimate 
stretching  when  portions  of  the  same  metal  bar  are  tested  are  very 
different."  In  applying  this  law,  however,  Mr.  Hackney  was  not 
consistent.  He  pointed  out  "  the  impossibility  of  comparing  the  10 
results  of  tests  made  by  different  experimenters,  on  the  ultimate 
stretching  of  metals,  in  the  absence  of  standard  forms  cf  test  pieces." 
In  the  case  of  cylindrical  bars,  following  the  obvious  conclusion  from 
Barba's  experiments,  he  proposed  that  a  fixed  ratio  of  gauge  length 
to  diameter  should  be  adopted  as  a  standard.  But  as  regards  plate  15 
test  bars,  he  clearly  did  not  see  his  way,  and  he  made  no  definite 
proposal. 

II.     GENERAL     RESULTS     OF    TESTS     OF     STEEL     PLATES     FROM 
MOTHERWELL     AND     ROTHERHAM. 

Tests  were  made  on  ten  test  bars  of  ship  plates  and  ten  test  20 
bars  of  boiler  plates  received  from  Mr.  Colville,  and  on  twenty  test 
bars  of  ship  plates  and  twenty  test  bars  of  boiler  plates  received  from 
Mr.  Dick.  The  plates  varied  in  thickness  from  |  inch  to  i\  inch. 
The  elongations  were  measured  in  each  half  inch  of  the  length 
of  each  bar,  and  from  these  measurements  the  elongations  and  25 
percentage  of  elongation  in  gauge  lengths  of  2,  4,  6,  8,  10,  12, 
[4  and  sometimes  16  and  18  inches  were  calculated.  The  results 
for  each  bar  were  plotted  in  a  curve,  and  measurements  of  these 
sixty  curves  give,  for  each  bar  tested,  the  percentage  of  elongation 
for  any  required  ratio  of  gauge  length  to  section,  within  wide  limits,  30 
without  any  assumption,  just  as  if  it  had  been  directly  measured  on  a 
special  bar.  The  only  circumstance  in  any  way  neglected  is  that  the 
nearness  of  enlarged  ends  to  the  gauge  points  does  a  little  affect  the 
elongation.  The  curves  give  the  elongations  for  bars  in  which  ihe 
enlarged  ends  are  not  vi  rv  near  the  gauge  points.  35 

Before  discussing  the  results  it  should  be  stated  that  the  results 
on  three  plates  have  been  discarded.  In  ihe  case  of  these  three 
plates,  which  were  all  tested  across  the  direction  of  rolling,  the 
fracture  and  the  elongation  showed  that  the  plate  was  of  inferior 
quality.  It  was  not  desirable  therefore  to  include  th<  se  results  with  40 
those  on  good  plates. 

The  results  of  these  fifty-seven  tests  are  on  the  whole  remarkably 
concordant.  The  bars  were  prepared  in  pairs,  cut  from  the  same 
plate.  There  are  differences  in  the  results  for  the  two  liars  forming 
a  pair,  due  to  small  variations  in   neighbouring  portions  of  a   plate,   45 
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i  variations  in  the  distribution  oi  elongation  along  each  test  bar, 
in  which  there  are  slightly  harder  or  softer  places.     But  the  means 
oi   pairs  oi  tests  fall  into  very  consistent  series  and  the  six  series  of 
tell  nearly  the  same  story. 

Ii  is  stated   that  all   Mr.  Colville's  bars  were  ait  lengthways  of    5 
in.   plate      Half  Mr.  I  tick's  bars  wire  cul  lengthways  and  half  across 
the   plate.       As  would  be  expected,    the   elongation   lengthways  is 
greater  than  across   the    plate,  and    this   difference   is   fairly  uniform 
throughout   the  tests.     There  is  no  great  difference  of  elongation  in 

oiler  plates  and  ship  plates,  except  in  the  case  of  the  thicker  10 
plates.     The  thicker  boiler  plates  are  more  ductile  than  the  thicker 
ship  plates.      As   there  is  no   other  general   difference  of  quality  the 
results  will  be  discussed  together. 

i".)    Real    Relative    Ductility    of   the    Motherwell    and    Rotherham 

Plates.  lo 

The  percentage  of  elongation  is  customarily  taken  as  the 
measun  oi  ductility,  and  this  in  .strictness  should  be  measured  on 
similar  test  bars.  Hence  the  percentages  of  elongation  in  similar 
l»ars  will  first  be  examined  and  then  the  elongation  in  bars  of  other 
proportions.  20 

I'll-  Committei  on  Materials  used  in  Ships  and  their  Machinery 

have  decided  on  an  <S  in.  gauge  length.      From  the  curves  mentioned 
above  the  percentages  of  elongation  have  been  measured  for  an  8  in. 
gauge  length  and  for  bars  of  one-half  square  inch  section  (/=  i  1*3  J  a) 
which   is   the  German   standard  form.      Also  for  an  8   inch   gauge  25 
u  and  for  bars  of  one  square  inch  of  section  (/-=S  J  a). 

The  whole  of  the  detailed  results  for  these  two  cases  are  given 
m   the    Appendix   II.,   Tables   XVI.,    XVII.,    XVI II.,    XIX.    'it    is 

rable  thai  these  should  be  compared  with  the  mean  results  of  all 
the  tests  taken  together  given  below.      It  is  important  as  showing  the  30 

ral   concordance  of  the  results,  that  the  separate  series  in  every 

are  in  fair  agreement  with  the  general  mean  of  all. 

In  Diagram  VII.,  the  percentage  of  elongation  for  each  thick- 
ness of  plate,  for  each  of  the  six  series  of  tests  and  both  for  bars  of 
one-half  and  one  inch  section  are  plotted.      It  will  be  seen  that  the   35 
ral    form   of   the  curves  for  all  the  bars  is  nearly  the  same  and 
the  curves   for   half-inch   bars  are   nearly   parallel   to  the  curves 
for  one  inch  bars.* 

The   points  on  the  K  I.  curves  fur  1]  inch  plate  are  not  strictly  in  their 
true  position.     The  results  on  the  Parkgate  1 1  inch  boiler  plate,  tested  across  the    40 
plate,  were  excluded   because  oi  the  crystalline  fracture  and  small  elongation.     If 
include']  the  end  points  of  curves  k  1.  would  have  been  much 
lower, 
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The  following  Tables  give  the  mean  elongations  for  the  three 
scries  of  ship  plates  and  the  three  series  of  boiler  plates. 


SHIP    PLATES. 


Thickness. 
Inches. 

Mean  Elongation  per  cent,  in 
8  inches. 

Plates  of  half  a 

square  inch 

section. 

Plates  of  one 

square  inch 

section. 

% 
% 

'  8 

VA 

227 
260 
24'7 

223 
198 

25-4 
291 
266 

249 
226 

Mean  of  all 

231 

257 

BOILER      PLATES. 


Thickness. 
Inches. 

Mean  Elongation  per  cent,  in 
S  inches. 

Plates  of  half  a 

square  inoh 

section. 

Plates  of  one 

square  inch 

section. 

■■•■- 

% 
Vk 

227 
269 
256 

243 
246 

262 
294 
285 

272 

27"4 

Mean  <if  all 

248                        277 

The  elongations  when  measured  on  constant  gauge  length  and 
constant  area  tell  a  quite  clear  story,  and  the  following  conclusions 
may  be  drawn  : — 

(a.)  The  relative  ductility  is  practically  the  same,  whether  the 
tesl  luirs  are  one  inch  or  half  an  inch  area. 

{(>.)  The  mean  difference  of  percentage  of  elongation  in  the 
series  of  one  inch,  and  the  series  of  half  inch  bars  is  2 -6  per  cent, 
in  the  ship  plates,  and  2*9  per  cent,  in  the  boiler  plates. 

(c.)  The  plates  below  §  inch  thick  have  lcs.^  ductility  than 
thicker  plates.  A  special  rule  therefore  is  required  for  plates  under 
I  inch  thick. 


10 


1.', 


L903 


(</.)  For  plates  over  §  inch  thick  the  ductility  diminishes  as  the 
thickness  increases.  A  special  rule  may  have  to  be  adopted  for 
plates  mi. in  than  ',  inch  thick,  if  standard  test  bars  have  constant 
area. 

{,-.)  The  falling  off  of  ductility  with  increase  ol  thickness  is  less 
in  the  boiler  plates  than  in  the  ship  plates,  so  that  while  g  inch  boiler 
and  ship  plates  have  about  the  same  percentage  of  elongation,  i\  inch 
boiler  plates  have  about   5   per  cent,  more   1  f  elongation 

than  the  corresponding  ship  plates. 

(/»)    Elongation  of  Test  Bars  of  the  same  width  for  all  Thicknesses. 

Tables  XXL,  XXIV.,  in  the  Appendix  111.,  give  the  details  ol 
elongation  for  boiler  and  ship  plates  in  each  series,  when  the  gauge 
length  is  8  inches,  ami  the  width  ol  test  bars  2  ins.  The  results  are 
plotted  in  diagram  VI 1 1. 

The  following  are  the  mean   results  for  the  three  series  of  ship    15 
plates,   and    the   three  series   of    boiler    plates.     The    difference    ol 
elongation   in   bars  of  constant    width  and  that  of  bars  of  constant 
area  is  considered  as  the  error  of  the  former  mode  of  measurement. 
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Comparison   of  Elongations   measured  on   bars  2  ins.   wide,  and 
those  on  bars  of  gauge  length- 11*3  s'area. 

SHIP      PLATES. 


30 


Thickness 
of  Plate. 

1 

Elongation  iri„„„,t;._ 
%  in  8  ins.  1^8   n° 

11'3  \/«.          wide. 

Difference 
or  error. 

Error  in 

per  cent. 

of  total 

elongation. 

Inches. 

Messrs.     Colville    &: 
Sons.  Motherwell. 

'  s 

239 
28'4 
26-6 

239 
301 
296 

00 
17 
30 

00 

60 

113 

VA 

247 
178 

304 
240 

57 
62 

231 
348 

Parkgate  Iron  &  St<  -  1 
Co. 
gthways  of  Plate. 

1 1 

% 

•- 

236 
256 
232 

236 
270 
273 

00 

1-4 
41 

00 

55 

177 

% 

VA 

204 
205 

246 
266 

4'2 
61 

206 

298 

Parkgate  Iron  & 
\.  ross   l'latr. 

:'s 

205 
241 
22-4 

205 
26- J 
257 

00 
19 

33 

00 

79 

147 

VA 

217 
212 

280 
282 

6'3 
70 

290 
330 
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Comparison   of  elongations  measured  on   bars  two  inches  wide 
and  those  on  Standard  Bars  of  gauge  length  =  11*3  \  area. 

BOILER      PLATES. 


Thickness 

of 

Plate. 

Inches. 

Elongation 
%  in  8  ins. 
when /= 

113  J  a. 

Elongation 

%  in  8  ins.  of 

bar  2  ins. 

wide. 

Difference 

or 

error. 

Error  in 
per  cent,  of 

total 
elongation. 

Messrs.  Colville  & 
Sons,  Motherwell. 

28-9 
29-2 
26-2 

28-9 
30-7 
29-9 

o-o 

1-5 

3-7 

o-o 

5-1 
14-1 

iy4 

25-8 
23-5 

31-4 
31-2 

5-6 

7-7 

21-7 
32-8 

Parkgate  Iron  & 
Steel  Co. 
Lengthways  of 

% 

''  s 

22-9 

25-8 
25-3 

22-9 
27-2 
29-3 

00 
1-4 
4-0 

o-o 

5-4 
15-8 

Plate. 

iy4 

24-7 
25-7 

302 
33-0 

5-5 
7-3 

22-3 
28-4 

Parkgate  Iron  & 
Steel  Co. 

Across  Plate. 

16-2 
25-6 
25-3 

16-2 
26-7 
29-3 

0-0 
1-1 
4-0 

o-o 

4-3 
15-8 

i4 

22-3 

28-5 

6-2 

27-8 

(c)—  Variation  of  Elongation  with  Width  of  Test  Bar. 
As  it  has  been  suggested  to  allow  considerable  variation  in  the 
width  of  test  bar,  it  is  desirable  to  examine  the  probable  effect  of  this 
on  the  percentage  of  elongation.  The  percentages  of  elongation  for 
values  of  //  <J a  corresponding  to  an  8  inch  gauge  length  and  widths 
of  test  bar  of  i\,  2.  and  2h  inches,  have  been  measured  from  the 
plotted  curves  for  all  the  sixty  bars  tested.  The  detailed  results  art- 
given  in  the  Appendix  III.,  Tables  XX.  to  XXV.  The  results  are 
very  consistent  on  the  whole,  so  that  an  examination  of  the  mean 
values  for  the  three  sets  of  ship  plates  and  the  three  sets  of  boiler 
plates  is  sufficient  for  the  present  purpose.  The  following  table 
gives  a  summary  of  the  results. 

Mean  Elongations  Per  Cent,  in  8  inches,  with  Different 
■Widths  of  Test  Bar. 

SHIP      PLATES. 


Thickness 
of  Plate. 

Inches. 

Elongations  per  cent. 

Differences  of  Percentage. 

Test  Bar 
li,l.  ins.  wide. 

217 
26-4 
26-4 

26-2 
252 

Test  Bar 
2  ins.  wide. 

22-7 
27-7 
27-5 

27-7 
263 

Test  Bar 
2\'->  ins.  wide. 

I1  /ins.  and         2  ins.  and 
2  ins.                       ins. 

■- 

% 

1>, 

23-5 
289 
286 

289 
27-3 

1-0                  0-8 
1-3                  1-2 
11                  11 

1-5                  1-2 
11                  1-0 

L0 


15 


It  will  be  seen  that  the  difference  of  percentage  of  elongation 
arc  pretty  constant,  and  average  r'l  per  cent,  for  each  A  inch  width.    20 
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BOILER 

PLATES 

Thickness 
of  Plate. 

Inches. 

Elongations  per  cent. 

Differences  of  Percentage. 

Test  Bar 
l1  j  ins.  wide. 

Test  Bar 
2  ins.  wide. 

Test  Bar 
2'i.  ins.  wide. 

1><-  ins.  and 
2  ins. 

2  ins.  and 
211.  ins. 

10 
10 

1-3 

1-3 
1-7 

1 ' . 

209 
27-1 
282 

28-6 
306 

22-7 
282 
29-5 

300 
321 

237 
292 
308 

313 
338 

1-8 
11 
1-3 

1-4 
1-5 

The  differences  here  are  also  pretty  constant,  but  a  little  larger 
than  for  the  ship  plates.  The  average  difference  is  i  34  per  cent. 
for  each  J,  inch  width. 

It  will  be  seen  that  if  test  bars  are  allowed  to  vary  in  width 
from  ii  to  2^-  inches,  it  may  be  expected  that  the  wider  plates  will 
have,  on  the  average,  between  2\  and  3  per  cent,  more  elongation 
per  cent,  than  the  narrower  ones,  a  difference  which  perhaps  for 
commercial  testing  might  be  permitted. 

These  results  are  deduced  from  the  curves  and  some  confirma- 
tion may  not  be  unwelcome.  .Mr.  Denny  has  made  direct  experi- 
ments on  bars  of  different  widths,  the  results  of  which  are  given  in 
the  table  below.  The  results  are  not  quite  consistent,  the  plates 
apparently  differing  somewhat  in  quality. 

The  mean  difference  of  percentage,  however,  does  not  seem  very 
different  from  that  given  above,  from  Mr.  Denny's  curves  the 
percentage  of  elongation  for  bars  of  one  square  inch  in  section  has 
also  been  measured,  as  a  criterion  of  the  relative  quality  of  the  plates. 
The  \  inch  plate  seems  to  be  better  than  usual,  and  the  \  inch  plate 
not  so  srood. 
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Variation  of  Elongation  with  Width  of  Test  Bar. 

PLATES      TESTED       BY       MESSRS.       W.       DENNY       i       BROS. 


Thickness 

in 

Inches. 

Width 

in 
Inches. 

Value  of 
/ 

182 

129 

9-9 

Elongation 

per  cent,  in 

8  inches. 

20-5 
235 
255 

Difference 

per  V6  in. 

width  of  bar. 

Elongation  per  cent. 

of  bar  1  square 

inch  area. 

Va 

% 
VA 

:  » 

271  ) 

28-6  '  Mean  278 

278  ) 

'L' 

■■<> 
1% 

2% 

12-7 
9-1 
71 

19-3 
25-8 
24-5 

:  » 

220) 

27-4     Mean  24-3 

23-4) 

■■■■> 

■■■■> 
1V1- 
2 

10-7 
7-5 
66 

22-9 
263 
264 

!  « 

258  ) 

258     Mean  269 

290  J 

1 

■■■■> 
1 
1% 

92 
79 
65 

260 
311 

28-8 

: » 

26-2) 

310     Mean  281 

290  * 

The  .',  in.  plate  is  noted  as  a  bad  plate  with  flaky  fracture. 
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The  following  experiments  on  the  influence  of  width  of  test  bar 
were  made  some  time  since  at  the  Central  Technical  College.  The 
bars  were  all  cut  from  one  plate  and  they  were  planed  all  over  in 
order  that  the  measurements  might  be  more  exact. 

Elongations  of  Bars  of  Different  Widths. 


BARS 

CUT    FROM    THE 

SAME    STEEL    PLATES    AND    SURFACES      PLANED     TO 

REMOVE 

SCALE. 

GENERAL    RESULTS. 

No. 

of 

Bar. 

Dimensions  in 

Inches. 

Breaking 
Stress. 

Tons  per 

square 

inch. 

Mean 
Breaking 

Stress. 
Tons  per 

square 
inch. 

Elonga- 
tion in 
8  inches. 
Per  cent. 

Mean 
Elonga- 
tion in 
8  inches. 
Per  cent. 

Differences 

of 
Elongation 

per  cent. 

per  half 
inch  width. 

Width. 

Thick- 
ness. 

Area. 

2318 

3-001 

•397 

1-1899 

26-84 

) 

3156 

) 

) 

2319 

3004 

•394 

1-1836 

26-92 

26-88 

31-88 

31-94 

'  0-91 

2320 

3003 

•396 

1-1892 

26-87 

\ 

32-38 

j 

1 

2321 

2000 

•399 

0-7980 

26-88 

) 

31-63 

) 

-Mean 

2322 

2-001 

•400 

0-8006 

27-16 

27-02 

28-88 

3013 

1-48 

2323 

2003 

•396 

0-7930 

27-01 

I 

29-88 

1 

o.nc; 

2324 

1002 

•396 

0-3968 

27-42 

) 

2669 

) 

j 

2325 

1-001 

•393 

0-3934 

27-96 

27-65 

2613 

'  2602 

2326 

1005 

•392 

0-3940 

27-57 

1 

25-25 

j 

The  differences  of  tenacity  which  are  not  large,  but  regularly  vary  with  the 
width,  may  be  due  to  more  equal  distribution  of  stress  on  the  narrower  bars. 

The  mean  difference  of  elongation  per  cent,  is  1-48  per  half  inch  width  of  test    10 
bar. 


III. -DISCUSSION  OP  PROPOSALS  AS  TO  STANDARD  FORM   OF 

TEST  BARS. 

General    Considerations. 

There  are  three  possible  general  rules  which  may  be  adopted  in   15 
settling   the   standard   forms   of  test   bar.     But   there   arc    practical 
objections  to  rigidly  applying  them. 

(a.)    Gauge  length  varied,  so  that  //  J  a  is  kept  constant  whatever 
the  section  of  the  bar. — If  the  gauge  length  is  varied   most  of  the 
difficulty  in   applying  the   principle  of  "  geometrically  similar "  test   20 
bars  vanishes.     In  fact  in  Germany,  when  the  standard  form  of  half 
inch  section   and  eight  inch  gauge  length   is  departed   from,  pro 
portional  bars  are  used,  the  gauge  length  being  varied  so  that  the 
standard  relation  /  =  11*3  J  a  is  still  complied  with.      But  the  Com 
mittee   have  decided  on  a  fixed  gauge  length,  and  the  objections  on    25 
the  ground  of  cost  to  a  variable  gauge  length  seem   insuperable  in 
commercial  tests. 

(l>.)  Fixed  gauge  length  and  fixed  area  of  section  of  test  bar. —  It 
this  rule  were  adopted,  a  section  of   one-half   square  inch  or    oni 
square   inch   might   be  adopted   for  an   eight  inch  gauge  length,  or,    30 
since  it  has  been  shown  that  the  difference  of  percentage  of  elongation 
in  half  inch  and  one  inch  bars  is  under  3  per  cent.,  standard  bars 
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ars  oi  8  in<  h  gauge  length,  and  not  more  than 
i  square  inch  or  less  than  chic  hall  square  inch  section.  This  rule- 
would  be  quite  satisfactory  from  the  scientific  point  of  view. 

Practically  it  would  be  inconvenient  for  very  thin  and  very  thick 
plates.     The  following  table  gives  the  widths  of  test  bars  for  various 

thicknesses  of  plate 


Width  of  Test  Bar. 

Thickness  of  Plate. 

Inches. 

0-5  sq.  in.  in  Area. 

l'O  sq.  in.  in  Area. 

', 

2-00 

4-00 

% 

1-33 

2  66 

■- 

0-80 

1-60 

% 

0-57 

114 

1', 

0-40 

0-80 

" 

033 

0-66 

(c  )  Fixe-/  gauge  le>,gth  and  fixed  width  of  test  bar. — There  is  a 
practical  objection  to  carrying  out  this  rule  rigidly  also,  namely,  that 
for  very  thick  plates  the  sectional  area  is  so  large  that  ordinary  testing 
machines  will  not  break  the  test  bars.  The  following  table  gives  the 
breaking  weights  of  test  bars  of  different  thicknesses  for  steel  of  36 
tons  tenacity,  the  lowest  which  it  would  seem  necessary  to  provide  for. 


10 


Thickness  of  Plate. 
Inches. 

Breaking  Strength  of  Test  Bar 
2  ins.   wide. 

'1 

% 

p, 

18   ton.s 
27     ,, 
45      .. 

63     .. 

90     „ 

126     ., 

1 

The  discussion  seems  to  show  that,  if  plates  of  all  thicknesses 
are  considered  from  the  thinnest  to  the  thickest,  no  one  rule  can  be 
rigidly  adopted,  there  must  be  a  compromise.  Now  by  far  the 
greatest  weight  of  plates  manufactured  arc  between  |  inch  and  |  inch 
thick  (inclusive).  If  standard  proportions  could  be  settled  for  these 
plates  first,  then  necessary  modifications  for  thinner  and  thicker 
plates  could  easily  be  arranged. 

General  Form  of  Test  Bar. 

If  the  question  of  width  of  test  bar  is  put  aside  for  the  moment 
there  is  not  much   room  for  discussion  as  to  the  general   form  of  the 


15 


,J0 
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test  bar.  The  only  point  which  should  be  borne  in  mind  is  that 
nearness  of  enlarged  ends  to  the  gauge  length  diminishes  the  per- 
centage of  elongation.  Hence  the  parallel  part  should  be  rather 
longer  than  the  gauge  length  and  curves  should  join  the  parallel  part 
to  the  enlarged  ends. 


-4'/2  in. 


-8  in   Gauge  Length. 
9  in.  Parallel  — 


it 


:.L 


A-'/z  in. 


Suggested   Standards. 

Plan  I — The  plan  which  would  accord  best  with  the  scientific 
principle  that  the  tests  should  show  the  real  quality  of  the  material 
would  be  this  : — 

For  plates  from  f  inch  to  |  inch  in  thickness  (inclusive),  the 
gauge  length  shall  be  8  inches  and  the  cross-section  of  the  test  bar 
shall  not  exceed  one  square  inch. 

The  following  Table  shows  some  cases  of  this  rule  : — 


Thickness 

of 

Plate. 

Inches. 

Greatest  width 

of 

Test  Bar. 

Inches. 

Value  of 
/ 

J  a 

Elongation  per  cent,  in  the 
tests  made. 

Ship  Plates. 

Boiler  Plates. 

% 
Vs 

2% 

1% 

IVr 

80 

291 
266 
24-9 

29-4 
28'5 
27-2 

All  such  bars  would  break  in  a  fifty-ton  machine.  For  very 
thin  plates  it  would  be  desirable  to  fix  a  rather  less  maximum  area 
and  for  plates  above  f  inch  thick,  a  rather  larger  area. 

Plan  II. — The  plan  may  be  adopted  of  fixing  the  maximum 
width  of  test  bar.     The  rule  might  then  be  as  follows  : — 

For  plates  from  §  inch  to  f  inch  in  thickness  inclusive,  the 
gauge  length  shall  be  8  inches,  and  the  width  of  test  bar 
not  more  than  2  inches. 

The  following  Table  shows  some  cases  of  this  rule  : — 


10 
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Thickness 

of 

Plate. 

Inches. 

Greatest  width 
of 

Value  of 

Elongation  per  cent,  in  the 
tests  made. 

Test  Bar. 
Inches. 

s]  a 

Ship  Plates. 

EoilerPlates. 

% 
% 

7s 

2 
2 
2 

92                        277 
72                       275 
61                       277 

282 
29-5 
300 
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For  plates  of  less  than  ;!  inch  thick,  ii  would 
the  greatest  width  2!  inches,  and  for  plates  more  than  ;  inch  thick, 
ake  the  greatest  width  i\  inches. 

IV.  FURTHER  DATA  FROM  SOME  TESTS  OF  ANNEALED  AND  UN- 
ANNEALED  PLATES  WITH  VARYING  PERCENTAGES  OF 
CARBON,  RECEIVED  FROM  THE  PARKGATE  IRON  AND  STEEL 
WORKS,  ROTHERHAM. 

Mr.  Y.  \V.  I)ick  was  good  enough  to  suppl)  s  >me  lest  bars  cut 
Irom  plates  containing  varying  percentages  •>)  carbon,  to  be  tested 
lor  the  int.  »rmi ii'.  m    ol    the    Committee,     Hall    thi  -   were    10 

unannealed,  and  hall    were    annealed.      The  percentage  of  carbon 

d   from   0*32   to  o"6o. 

The  tests  on  these  plates  were  made    in    the   same   way  as   th 
.dread}'    given.       The   1  wire   measured    in   each    hail    inch, 

and  the  extension  in  various  gauge  lengths   from  2    to  14  inches  was    15 
computed    from    the    measurements.     Plotting    these    results    the 
extension    for   any  gauge    length  and  area  of  cross  section  can 
found  as  in  the  preceding  eases.     Hence  these  results  throw  light 
on   the-  question  of  the  variation  of  elongation   doth   with  variation 
ol   section   and   variation    ol   hardness.  20 

The  following  are  the  general  results  of  these  tests  : — 
General  Results. 


Percentage 
of  Carbon. 

Thickness 
of  Plate. 

Breaking 

Stress 
per  sq.  in. 

Mean 

Breaking 

Stress. 

Elongation 
in  8  ins. 

Mean 
Elongation. 

lie. 

Tons. 

Tons. 

Per  cent. 

cent. 

UNANNEALED     PLATES. 

0  32 

35-62 
33-85 
32-43 

33-97 

17  7 
21-9 
20-4 

[    20-0 

0-48 

39-41 
38-45 
36-42 

38-09 

15-8 
16-1 
16  0 

[    16  0 

j 

0  60 

'1 

47-39 

47-39 

13-8 

138 

'      ■.',<;■                   \    II'..-. 

0-32 

! 

29-85 
30-43 
30-72 

i 

30  33 

23-6 

22-4 
20-0 

'    22-0 
j 

0  48 

y* 

e. 

34  03 
33-38 
32-98 

33-46 

19  4 
21-6 
19-8 

'    20-3 

0-60 

1  . 

40-94 
38-78 
37-98 

39-23 

16-9 
17-9 
17  0 

I    17-3 
j 

The  elongations  in  this  Table  are    those   of  the   actual    bars 
varying  in  section  from  0-41  to  0-76  sq.  ins.  urea. 
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Mean  Difference  between  Unannealed  and  Annealed  Bars. 


Percentage 

of 

Carbon. 

Mean  Breaking-  Stress 
per  sq.  in. 

Difference. 

Mean   Elongation 
in  8  ins. 

Differ- 
ence. 

Unannealed. 

Annealed. 

Unannealed.    Annealed. 

0  32 
0-48 
0-60 

Tons. 

3397 
38  09 
47-25 

Tons. 

30-33 
33  46 
39-23 

3-64 
4-63 
802 

Per  cent. 

20-0 
16-0 
13  8 

Per  cent. 

22-0 
20-3 
17-3 

Per  cent. 

20 

4-3 
3-5 

As  is  ordinarily  the  case  the  breaking  stress  is  lowered  and  the 
ductility  increased  by  annealing.  The  difference  increases  with  the 
hardness  of  the  steel. 

From  the  measurements  of  elongation  it  is  next  possible  to  find     5 

the  elongation  for  any  variation  of  the  cross  section  of  the  bars.    The 

results  in  the  following  table  have  been  deduced    from  the  curves 

for  each   thickness  of  bar  and  each  percentage  of  carbon.      They 

are  calculated  for  the  same  widths  of  bar  as  in  the  tables  above. 

They  are  obtained  without  any  theoretical  assumption  except  that   10 

the    percentage    of  elongation    is    constant  in  geometrically  similar 

bars. 

Variation   of  Elongation  both   with  variation   of   Dimensions  of  Bar 
and  of  percentage  of  Carbon. 


Per- 
centage 

of 
Carbon. 

Thick- 
ness 
of 
Plate. 

Elongations  in  8  inches  for  the  following  widths  of  Test  Bar.      j 

i 

14  ins. 

2  ins. 

2*  ins. 

11  ins. 

2  ins.            2\  ins. 

Ins. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent.       Per  cent. 

IN ANNEALED    P 

LATES. 

ANNE 

ALED   PLATES. 

0-32 

Yi 

15-4 
21-8 
22-0 

16-4 
23-0 
23-3 

17-2 
24-0 
24-6 

22-8 
22-0 
21-7 

23-8           24-6 
23-1           24-1 
23-1           24-3 

0-48 

Yt 

15-7 
15-8 
16-3 

16-5 
17-0* 

17-5 

17-3 
18-0 
18-6 

19-1 
20-9 
21-3 

19-7           20-2 
22-0           22-9 
22-7           23-9 

0-60 

13-2 

140 

14-7 

161 
17-5 
18-2 

16-9           17-7 
18-4           19-1 
19-5           20-5 

Note. — The  author  has  found  (since  this  report  was  written)  a  15 
general  relation   between  the  percentage  of  elongation,   and   gauge 
length  and  cross  section  of  bar.     If  e  is  the  percentage  of  elongation 
in  a  gauge  length  /  for  a  bar  of  cross  section  A,  then 

''  JTA  j.  i 
e  = +  o 

Where  the  first  term  on  the  right  is  the  percentage  of  elongation  due    20 
to  local  contraction,  and   the  second   is  the  percentage  of  general 
elongation,  c  and  b  are  constants  for  any  given  quality  of  material. 
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APPENDIX   I, 


That  geometrically  similar  bars  deform  similarly  appears  to  be 
.1  rational  rule  independent  of  experiment  J 5m  it  has  been  fully 
verified  for  cylindrical  liars  both  in  tension  and  compression.  The 
following  is  a  Table  of  Tests  by  Barba.  For  all  the  bars,  putting 
/=gauge  length,  "     sectional  area,  d    diameter. 

/=8"2  J  a  and  /=  7'  24c/. 
The  dimensions  are  in  millimetres. 


Mild  Steel. 

Diameter. 

Gauge  Length. 

Elongation  per  cent. 
32-8 

690 

50 

10-35 

75 

33-2 

1380 

100 

33-0 

17-25 

125 

33-5 

20-70 

150 

33-6 

24-15 

175 

33-2 

27-60 

200 

33-0 

31-05 

225 

34-0 

For  the  case  of  plate  test  bars  the  experimental  verification  is 
less  easy  because  it  is  difficult  to  obtain  platr;  specimens,  of  different 
widths  and  thickness,  of  exactly  the  same  quality  and  because  in  the 
ordinary  rough  method  of  testing  with  wedge  grips  it  is  difficult  to 
ensure  uniform  distribution  of  stress  on  the  section  of  fracture  The 
following  table  gives  some  experiments  by  Bauschinger  which  show 
that  for  a  large  variation  of  form  of  cross  section  the  variation  of 
1  longation  is  small,  if  the  ratio  of  gauge  length  to  square  root  of  air. 1 
is  constant. 

Influence  of  Shape  of  Section  on  Elongation. 

Elongations  of  Mat  Bars  cut  from  one  Plate  when  /  =  8*5  J  a. 


Cross  Section. 

Ratio  of 

Width  to  Thickness. 

1-3           

1-4            

1-5           

1-7           

1-8          

21          

30          

Elongation  per  cent. 

Series  I. 

Series  II. 

31-0 

31-7 
330 
31-8 

320 

33-2 
33-3 
33-5 
33-2 
34-5 
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APPENDIX    II. 

Ship    Plates.-  Table    XVI. 


Mean  Elongations  per  cent,  for  Gauge  Length  =   113   J  a. 
This  is  the  standard  German  proportion,  and  corresponds  to  an 
area  of  0*5  square  inch  for  an  8  inch  gauge  length. 


Thickness 
of  Plate. 

Inches. 

Messrs. 
Colville  and 
Sons,  Ltd. 

Parkgate  Iron                       n     i       ±    t 
,nH  stppi  rn                        Parkgate  Iron 
Mean-        Lengthways'      Mean'       and  Steel  Co.       Mean. 
of  Plate.                          Across  Plate- 

>i 

VA 

25-3 
22-5 

28-0 
28-7 

24-9 
28-3 

23-0 
26  3 

17-3 
18-3 

}««             g|         !}23-6             20-9           )20, 
[28-4            |5           }25-6            25;C>           ,  ^-1 

}**             22-1           j23"2             HI           !224 
}24-7             g|           (20-4             2-             J21-7 

}17"8             22^0           j20"5             20-0           j21"2 

Mean  Elongation. 


■  1  in.  Plate 

%  „        ,, 

*  ,.        „ 

VA  ..       ,. 


Mi 


>f  all 


22-7 
26-0 
24-7 
22-3 
19-8 

231 


Boiler    Plates.- Table    XVII. 

Mean  Elongations  per  cent,  for  Gauge  Length  =    11*3   J~a, 
This  is  the  standard  German  proportion,  and  corresponds  to  an 
area  of  o'5  square  inch  for  an  8  inch  gauge  length. 


Thickness     dSS^bnA 
of  Plate.      Cst!.leLS.d 
Inches.    ! 

Parkgate  Iron 
M.„,        and  Steel  Co. 
Mean-        Lengthways 
of  Plate. 

1  90.  q               21  "3 
!  **  y              24-4 

loq.o               27-0 
1  ^  ^             24-5 

'  2G-2             23'3 
I  ^  Z             27-3 

I  ?r. 0             23-7 
)  ^  8             25-6 

!  23-5             24'G 
}***             26-7 

Mean. 

J  22-9 
j  25-8 
125-3 

J  24-7 
}25-7 

Parkgate  Iron 
and  Steel  Co. 
Across  Plate. 

Mean. 

VA 

27-6 
30-2 

28-4 
30-0 

26-3 
26-2 

25-3 

26-3 

22-0 
25  0 

16-8 
15-5 

27-5 
23-7 

25-1 
25-4 

213 
23-3 

J  16-2 
{  25  G 

[25  3 
J22-3 

l_ 

j 

V*  in.  Plate 

.       ,. 
W    ,.       .. 


Mean   Elongation. 


Mean  of  all 


22-7 
26  9 
25-6 
24-3 
24-6' 

24-8 


'     \>  tests  of  the  i\  inch  plate,  across  the  plate,  are  excluded,  this  figure  is  too 
high  relatively  to  the  others  which  incl 
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Ship    Plates. -Table    XYIII. 

Mem  Elongations  percent,  for  Gauge  Length    -    8  v/  ,,. 
This  corresponds  to  an  area  of  i    square  inch  for  an  8  inch 
gauge  length. 


Thickness 
of  Plate. 

Inches. 

'• 

"■-- 

Messrs. 
Colviile  and 
Sons,  Ltd. 

Mean. 

Parkgate  Iron 

and  Steel  Co. 

Lengthways 

of  Plate. 

Parkgate  Iron 

Mean.       and  Steel  Co. 

Across  Plate. 

Mean. 

J23  4 
j  27  4 

j  24  7 
|  25  0 
[24-6 

28-5 
25  3 

30  9 
32  0 

27-2 
30-3 

25  0 
29  9 

19-4 
21-5 

J26-9 
}  31  5 
J  28  6 

J  275 
|  205 

23-6 

28  0 

27  6 

29  1 

28-1 
24-8 

22-1 
22-4 

20  9 

24-3 

|  Zb  8             23-0 

1  or -4              28  2 
)  M  q             26-5 

l^bD              248 

!  22'3             25  0 

1    99. r                      £0  'U 

'i 

in. 

% 

'  H 

1' 

)» 

Plate 


Mean  Elongation. 


Mean  of  all 


25-4 
29  1 
26  6 

24  9 
22  -6 

25  7 


Boiler    Plates.— Table    XIX. 
Mean    Elongations  per  cent,  for  Gauge  Length  =  8    J  a. 
This  corresponds  to  an  area  of  1   square  inch  for  an  8  inch 
gauge  length. 


Thickness 
of  Plate. 

Inches. 

Messrs.                             ^If-fir? 
Colviile  and       Mean.      aTn^uel,L,0' 
cnn,    j  td                              Lengthways 
ions,  Ltd.                               of  p,ate 

Mean. 

Parkgate  Iron 
and  Steel  Co. 
Across  Plate. 

Mean. 

'  B 
l'l 

31-7 

34-4 

315 
32-3 

28  0 

29  6 

28-1 
28  2 

24-5 
27-7 

J  33-1 
J31-9 
j  28-8 
j  28-2 
]  261 

24-7 
28  0 

30  8 
26-5 

26  3 
30  2 

25-8 
29-0 

28  1 
29-5 

j  26  4 
J  287 
{  28-3 
}27-4 
j  28-8 

19-7 
182 

29  1 
26-0 

28  0 
28-7 

24  6 
27-1 

|  19  0 
{  27-6 
j  28-4 

J25-9 

) 

l 

'  1    in. 


Plate 


M  in  Elongation. 


Mean  of  all 


26  2 
29-4 
28  5 

27  2 
27-4' 

27-7 


•    \-  t  its  •>!  the  \\  inch  plate,  across  the  plate,  are  excluded,  this  figure  is  too 
hei     « hich  include  te  I  he  plate. 
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APPENDIX     III. 
Ship  Plates.— Table  XX. 

Mean  Elongations  per  cent,  for  an  8  inch  gauge  length  and  a 
constant  width  of  test  bar  of  1 .',  inches. 


Thick- 
ness 
of  Plate. 

Inches. 

Messrs. 
Colville  and 
Sons,  Ltd. 

Mean. 

Parkgate  Iron 
and  Steel  Co.       Mp.n 
Lengthways       Mean- 
of  Plate. 

Parkgate  Iron 

and  Steel  Co.       Mean. 

Across  Plate. 

% 
% 

% 
T/4 

24-3 
21-5 

28-3 
29-4 

27-1 
30-0 

26-2 
31-7 

21-7 
24-4 

J22-9 
j  28-9 
j  28-6 
J  29  0 

j  23-1 

21'°         j  \  22-7 
24-3           )  ^  ' 

26-3           j25"6 

24™            I26"0 

23'°         !  »  23-4 
23-7           j 

■""a           1  oc.4 
27-2           1  ^  4 

198             1  tq-c; 
19-1            )  13  ° 

256           \  24.7 
23-7           )  ^  ' 

24'4           !  24-5 
24-6           1  ^  D 

2^3           }26-3 

28-0           ,  „. 
26-1           1  A '  x 

Mean   Elongation. 


1 1   in. 

Plate  . 

217 
264 

%  ,, 

26-4 

%   ,, 

262 

1M    » 

„      •• 

252 

Mean  of  all 

25-2 

Ship  Plates.— Table  XXI. 

Mean  Elongations  per  cent,  for  an  8  inch  gauge  length  and  a 
constant  width  of  test  bar  of  2  inches. 


Thick- 
ness 
of  Plate. 

Inches. 

Messrs. 
Colville  and 
Sons,  Ltd. 

Mean. 

Parkgate  Iron 

and  Steel  Co. 

Lengthways 

of  Plate 

Mean. 

Parkgate  Iron 
and  Steel  Co. 
Across  Plate. 

Mean. 

hi 
% 

% 

% 
1!. 

253 
22-6 

29-4 
30-7 

27-9 
31-2 

274 
33-3 

22  6 
25-4 

j  23-9 
[30-1 
j  29-6 
'  30-4 
|  24-0 

216 
25-5 

26-2 

27-7 

290 

25-5 

24-0 
251 

24-8 
28-4 

[23 '6 
j  27-0 
|  27-3 
|  24-6 
|  26-6 

20-9 
20-0 

27-0 
25-0 

25-5 
25-8 

280 

29-2 
271 

}  20-5 

j  26  0 
J  25-7 
{  28  0 
J28-2 

Mi  an  Elongation. 


1  i  in.    Plate 


1>. 


22-7 
27-7 
275 
27-7 
263 


264 
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Ship  Plates.    Table  XXII. 

Mea  i  Elongations  per  cent,  for  an  8  inch  gauge  length  and  a 
i  i  ii  itant  width  of  ti  st  bar  of  :' 


n"lk            Messrs. 

„fp£f»        Colville  and 
of  Plate.       Son8    Ltd 

Inches. 

Mean. 

Parkgate  Iron 
anil  Steel  Co.       M 
Lengthways       Mea»- 
of  Plate. 

22-0           ,24, 
26-5            j  £H  J 

278           |  9q., 
288           i  ^  ° 

263           I  ^  5 

25-0           i25.7 

26-4           1  ^  ' 

260           j  27.8 
295           )*'* 

Parkgate  Iron 
and  Stee!  Co. 
Across  Plate. 

21-8 
208 

280 
263 

26-6 
26-9 

29-4 

30-5 
280 

Mean. 

|  213 
[27-2 
}26  8 
]  294 
j  29-3 

26  1 
23-4 

30  5 
31-8 

28-8 
32-3 

28-4 
34  9 

i>                 23-4 
1  '               26-2 

j  24-8 
|  312 
|  30  6 
j  31-7 
[24-8 

Mian  Elongation. 


1 1   in.    Plate  ... 

!^ 

% 


235 
28-9 
286 
289 
27-3 


Mean  of  all 


27-3 


Boiler  Plates.    Table  XXIII. 

Mean  Elongations  per  cent,  for  an  8  inch  gauge  length  and  a 
constant  width  of  test  bar  of  i&  inches. 


Thick- 
ness 
of  Plate. 

Inches. 

Messrs. 
Colville  and 
Sons,  Ltd. 

Mean. 

Parkgate  Iron 

and  Steel  Co. 

Lengthways 

of  Plate. 

Mean. 

1  20  0 

J25-9 
j  28  0 

j.28-7 

J  31-7 

Parkgate  Iron 
and  Steel  Co. 
Across  Plate. 

Mean. 

j  15-4 
}  25-9 

[28  1 
J27-6 

t   _ 

l1, 

26  1 
28-5 

28-7 
30  3 

27-8 
29-3 

29  5 
295 

27-6 
313 

j  27-3 
|  29-5 
J  28-6 
j  29-5 
j  29  5 

20-0 

27-5 
24-3 

26-0 
300 

26-9 
30-5 

32-3 
310 

161 

14-6 

27-7 
24-1 

27-7 
28-5 

26-5 
28-6 

1 1   in.  Plate 

%   „      .. 
1W    „       ,. 


Mean  Elongation. 


Mean  ot 


20-9 
27-1 
28  2 
28-6 
30-6* 

27-1 


*  As  tests  of  the  JW  inch  plate,  across  the  plate,  were  excluded,  this  figure  is 
too  hijjh  relatively  to  the  others  which  include  tests  across  the  plate. 
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Boiler   Plates.    Table    XXIV. 

Mean   Elongations  per  cent,   for  an  8  inch  gauge  length  and  a 
constant  width  of  test  bar  of  2  inches. 


Thickness 
of  Plate. 

Inches. 


Messrs. 
Colville  and 
Sons,  Ltd. 


30-2 

27 

7 

31 

3 

30 

0 

28 

7 

31 

0 

31 

5 

31 

2 

29 

4 

33 

0 

Mean. 


28-9 


}30-7 


29  9 


314 


31-2 


Parkgate  Iron 

and  Steel  Co. 

Lengthways 

of  Plate. 

21-3 
24-4 

29  1 
25-3 

27-3 
31-2 

28  2 
32-2 

33-9 
32 '0 


Mean. 


J22-9 


27-2 


[29-3 
J  30-2 
133-0 


Parkgate  Iron 
and  Steel  Co. 
Across  Plate. 


16-8 
15-5 

28-3 
25  1 

29-0 
29-6 

27-0 
30-0 


Mean. 


16-2 


26-7 


29-3 


28-5 


Men::   Elongation. 


'  t  in.  Plate 

%  .. 
&  .. 
7-    .. 


22-7 
28-2 
29-5 
30  0 
321* 


Mean  of  all 


28-5 


As  the  results  of  the  tests  across  the  plate  for  15  inch  plates  have  been  excluded, 
this  figure  is  too  high  relatively  to  the  others  which  include  tests  across  the 
plate. 

Boiler  Plates.— Table  XXV. 
Mean    Elongations  per  cent,  for  an  8  inch   gauge   length  and  a 
constant  width  of  test  bar  of  2h  inches 


Thickness         Messrs. 

Vf  Pi  =  ff       Colville  and        Mean. 

01  riate.       Sons>  Ud 

Inches. 

Parkgate  Iron 

and  Meel  Co. 

Lengthways 

of  Plate. 

Mean. 

Parkgate  Iron 
and  Steel  Co. 
Across  Plate. 

Mean. 

1  • 
XV* 

28 '8            \  30-2 
31-5            )M* 

312            )3    7 
32-2           1  M  ' 

29  9           ,31.4 
32-9           P1^ 

33-3           \  ,,., 
32-8           i ""  l 

31 '5           133-3 
35-0            J000 

22-4 
254 

30-5 
26-2 

28-6 
32-5 

29-3 
34  0 

35-5 
33  1 

j  23-9 
J28-4 
J30-6 
|  31  6 
J34-3 

17-5 
16-3 

29-0 
25-9 

30  0 

30  5 

27-6 

31  0 

j  16  9 
J27-5 
j  30  3 

j  29-3 

1 

1 

Mean   Elongation. 


V*   in. 
*    » 

I1      ■• 


Plate 


23-7 
29-2 
30  8 
313 
33-8* 


Menu  ol  all 


29  8 


plate,  across  the  plate,  arc  excluded,  this  figun 
high  relatively  to  the  others  which  include 
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PERCENTAGE     OF     ELONGATION. 

Bars  of  0'5  sq.  in.   Section  arc  shown  in  full  lines 
Bars  of  I'O  si/,  in.   Section  arc  shown  in  dotted  lines. 


Diagram    Will. 
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British  j£naineering  Stanfcarba  association. 


PRICE     LIST 

OF 

BRITISH     STANDARD    SPECIFICATIONS    AND     REPORTS. 
FEBRUARY,      1920. 

(This  List  cancels  all  previous  Lists.) 

Note. — A  number  of  the  Publications  of  the  Association  a?-e  being  issued  in  French, 
Italian,  Spanish  and  Portuguese.  The  majority  of  the  English  Editions  and  alt  the 
Foreign  Translations  (which  also  include  the  English  text)  are  being  published  in  octai'o  form, 
and  7ri/l  be  available  at  1/-  net  per  copy  or  its  equivalent  in  Foreign  money1;. 


Report  Post 

No.  Xet.    free. 

1-1914.  Rolled  Sections  for  Struc- 
tural Purposes,  Lists  of  Under  Revision 

2-1903.  Tramway  Rails  and  Fish- 
plates, Specification  and  Sections  of     1/-      1/3 

3-1903.  Influence  of  Gauge  Length 
and  Section  of  Test  Bar  on  the 
Percentage  of  Elongation,  Report 
on,  by  Professor  \V.  C.  Unwin, 
F.R.S 1/-      1/2 

6-1904.  Rolled  Sections  for  Struc- 
tural Purposes,  Properties  of     ...      1/-      1/3 

7-1919.  Copper  Conductors,  Insu- 
lated Annealed,  for  Electric 
Power  and  Light,  Dimensions  of...       1/-       1/2 

8  1904.  Tramway  Poles,  Specifica- 
tion for  Tubular  1/- 


9-1909.  Railway  Rails,  Specification 

and  Sections  of  Bull  Head   ...         ...       1/- 

10-1904.  Pipe  Flanges,  Tables  of    ...     1/- 

11-1909.  Railway  Rails,  Specification 

and  Sections  of  Flat  Bottom  ...       1/- 

12-1915,   Portland   Cement,  Specifi- 
cation for 1/- 

13-1910.    Steel    for    Shipbuilding, 

Specification   for   Structural 1/- 

14-1907.  Steel  for  Marine  Boilers, 

Specification  for  Structural      ...         ...       1/- 

15-1912.  Steel  for  Bridges,  etc.,  and 
General    Building  Construction, 

Specification  for  Structural     ...         ...       1/-       1/2 

16-1905.  Telegraph  Material,  Speci- 
fication for         ...        ...        ...        Under  Revision 

18-1910.  Tensile  Test  Pieces,  Forms 


1/2 

1/3 
12 

13 

12 
12 
1/2 


of 


21 


1909.  Pipe  Threads   for    Iron  or 

Med  Pipes  and  Tubes,  Report  on  ... 

23-1905.  Trolley  Groove  and  Wire, 

Standards  for       

24-1911.  Railway     Rolling    Stock, 
Specifications    for     Material     used 
in  the  Construction  of — 
Part  I.     Locomotive,  Carriage  and 
Wagon  Axles 
Locomotive,  Carriage  and 
\\  agon  Tyres 
Laminated,     Volute     and 
Helical  Springs  and   Steel 
for  Laminated  Springs    ... 


Gratis 

-2 

1  - 

1/2 

1/- 

1  2 

II. 

III. 


1/2 

1/2 

1/2 


24-Part  IV.    Steel  Forgings,  Bloomsand 

Castings       

,,    V,     Copper   Plates,    Rods  and 
Tubes  and  Brass  Tubes... 
,,  VI.     Steel   Plates,   Angles,  etc., 
and   Rivets    for     Locomo- 
tives,        Carriages        and 

Wagons        ...         

27-1906.  Limit  Gauges  for  Running 

Fits,  Report  on  Standard  Systems  of 

28-1908.  Nuts,  Bolt  Heads  and 
Spanners,  Report  on  

29-1909.  Steel  Forgings  for  Marine 
Purposes,  Specification  for  Ingot  ... 

30-1907.  Steel  Castings  for  Marine 
Purposes,  Specification  for 

31-1910.  Steel  Conduits  for  Elec- 
trical Wiring,  Specification  for  ... 

32-1907.  Steel  Bars  lor  use  in  Auto- 
matic Machines.  Specification  for 

35-1907.  Copper  Alloy  Bars  lor  usein 
Automatic  Machines,  Specification 

for  ... 

37-1919.  Electricity  Meters,  Specifi- 
cation for 

40-1908.  Cast  Iron  Low  Pressure 
Heating  Pipes,  Specification  for 
Spigot  and  Socket       ...         

41-1908.  Cast  Iron  Flue  or  Smoke 
Pipes,  Specification  for  Spigot  and 
Socket       

42-1909.  Steam  Engines  for  Elec- 
trical Purposes,  Report  on  Recip- 
rocating   ... 

43-1909.  Boiler  Tubes,  Specification 
tor  Charcoal  Iron  Lap-welded 

44-1909.  Cast  Iron  Pipes  for  Hy- 
draulic Power,  Specification  for  ... 

45-1917.  Sparking  Plugs  (for  Internal 
Combustion  Engines),  Report  on 
Dimensions  for  ... 

46-1909.  Keys  and  Key  ways,  Speci- 
fication for 

47-1919.  Steel  Fishplates  for  Bull 
Head  and  Flat  Bottom  Railway  Rails, 
Specification  and    Sections  of 

48-1909.  Wrought  Iron  of  Smithing 
Quality  Inr  Shi|  building  (Grade  l>). 
Specification  for 


Net. 

Iree 

/' 

1/- 

t/3 

1'- 

1/2 

11- 

1/2 

1/- 

1/2 

1/- 

1/2 

11- 

1/2 

11- 

1/2 

• 

V- 

1/2 

. 

V- 

1/2 

1/- 

12 

11- 

1/2 

1- 

1  2 

11- 

1  > 

V- 

1/8 

/ 

11- 

1/2 

II-  III 

II-  1/2 

1/-  1/2 

1/-  12 

I  -  1/2 


LIST     OF     PUBLICATIONS—  conlinuti. 


50  1910.  Locomotives  lor  Indian 
Railways,  Third  Report  on  (Supei 

sc.liiiR  NOS,  i  I 

51-1913.  Wrought  Iron    (or 

Railway  I  :  Vork- 

l!  and  C), 

Specification  for 

53-1913.  Boiler  Tubes  for  Locomotive 
Boilers,  Sp  I  told  1  hraw 'i 
Weldless  Steel ...  

54-1911.  Screw  Threads,  Nuts  and 
Bolt  Heads  for  use  in  Automobile 

i       i   miction,  Report  on 

56  1911.  Copper  and  Bronze  Wire, 

Report  on  Hard  Drawn 

56-1911.  Yield  Point  and  Elastic 
Limit,  Definitions  of 

57-1911.  Small    Screws,    Report   on 

I  lends  for 

58- 1912.  Cast  Iron  Soil  Pipes,  Speci- 
fication for  Spigot  and  Socket 

59-1912.  Cast  Iron  Waste  and  Ven- 
tilating Pipes  (for  other  man  Soil 
Purposes),    Specification   for  Spigot 

and  Socket  

61-1913.  Copper  Tubes  and  their 
Screw  Threads  (primarily  foi 
domestic  and  similar  work),  Specifi- 
cation for  ...        ...         

62-1913.  Marine  Boiler  Stays, 
Screwing  for 

63-1913.  Broken  Stone  and  Chip- 
pings,  Specification  for  Sizes  of 

64  1913.  Fishbolts  and  Nuts  for 
Railway  Ra     .  ation  for 

65-1914.  Salt-Glazed  Ware  Pipes. 
Specification  for... 

66-1914.  Copper  Alloy  Three-Piece 

Unions  (for  Low  and  Medium 
1'iessme  Screwed  Copper  Tubes), 
Specification  for  ... 

67-1914.  Ceiling  Roses,  Specification 
for  Two   and  Three-Plate     

68-1914.  Steel  Conductor  Rails. 
Method  of  Specifying  the  Resist- 
ance of 

G9  1915.  Tungsten  Filament  Glow 
Lamps  (Vacuum  Type)  for  Auto 
mobiles.   Report  on      

70-1915.  Pneumatic  Tyre  Rims  for 
Automobiles,  Motor  Cycles  and 
i   )  i  les,   Repoi  t  on 

71-1917.  Wheel  Rims  and  Tyre 
Bands  lor  Solid  Rubber  Tyres 
hi  Automobiles,  Report  on  Dimciv 

sions  of     ... 

72-1917.  Electrical  Machinery, 
British  Standardisation  Rules  foi 

73-1919.  Two-Pin  Wall  Plugs  and 
Sockets,  Briti  h  Standard  Specifica- 
tion for 

74-191 7.  Charging  Plugand  Socket, 
for    Vehicles    Propelled      \      I 
Secondary  Batterie-,  Specili.  ation  for 

76-1916.    Steels  for    Automobiles, 

Specification  for  Wrought     


12 


12 


1- 

1  :.' 

1- 

13 

Grati* 

■ 

1/- 

12 

1/- 

12 

1'-      1 2 


1  - 

12 

( Jratis 

-'2 

1  - 

12 

1/- 

12 

1  " 

1  2 

1/- 

12 

1/- 

1/2 

1- 

1/2 

1  - 

12 

1/- 

1/2 

11- 

12 

11- 

12 

1-      12 


12 

I  2 


Report  Post 

\,,.  Set.  Iter 

76-1916.  Tars.    Pitches.    Bitumens 

Asphalts  when    used  for    Road 

Purposes,  Report  on  Nomenclature 
oi  am  his  lor  Tar  and 
Pitch   for  Road   Turpos.-s      1/-        1  2 

78-1917.  Cast  Iron  Pipes  and  Special 
t  asti :i_;s  for  Water,  Gas  and 
Sewa;;e,  Specification  for    1'-      12 

79-1919.    Special    Trackwork    for 

Tramways,       Report     on      British 

Standard    .        1         12 

80  1917.  Magnetos  for  Automobile 
Purposes,  Rep  isionsol       1  -       1/2 

81  1919.  Instrument  Trans- 
formers,   Rritish   Standard   S. 

fixation  for  ...        ...        ...        ...      1  -      12 

82-1919.    Starters     for     Electric 

Motors,  Specification  for     1/-      1/2 

83  1918,  Dope  and  Protective 
Covering  for  Aircraft.  Man  i 

Reference  for      ...  ...         ...  .        1  -        1,2 

84  1918.  Screw  Threads  (British 
Standard  Fine),  and  their  Toler- 
ances (Superseding  parts  of  Rej 
Xos.  3o  and  38), Report  on 

86-1919.  Magnetos  for  Aircraft 
Purposes,  Report  on  Dimensions  of 

87  1919.  Airscrew  Hubs,  Report  on 
Dimensions  of    ... 

88-1919.  Electric  Cut-Outs  (Low 
Pressure,  Type  O),  Specification  for 

89  1919.  Indicating  Ammeters, 
Voltmeters,  Wattmeters,  Fre- 
quency      and       Power-Factor 

Meters,     Specification     for 

90  1919.  Recording  (Graphic! 
Ammeters,  Voltmeters  and 
Wattmeters,    Specification    for   .. 

95—1919.  Corrections  to  Effective 
Diameter  required  to  compensate 
Pitch  and  Angle  Errors  in  Screw 
Threads  of  Whitworth  Form, 
Tahles  of  1-       12 

98—1919.  Goliath  Lamp  Caps  and 
Lamp  Holders,    British  Standard 

Specification  for  ...       1-       1  2 

103  1919.     Falling  Weight  Testing 

Machines  for  Rails,   Specifics 

for Gratis      2 

104-1919.  Light  Flat  Bottom  Rail 

way     Rails     and     Fishplates, 

Sections  of  ...        1  -       12 

105-1919.  Light  and  Heavy  Bridge 
Type  Railway  Rails,  British 
Standard  Sections  of 1-      12 

107-1919.  Rolled  Sections  foi  Mag- 
net Steel,   British  Standard 1  -      12 


INTERIM     REPORTS. 

C.L.  2582.  Ball  Journal  Bearings 
for  Automobiles.  Interim  Report 
on  Shtes  of  Single  Row Gratis    ~\2 

C.L.  3750.  French  Metric  Screw 
Threads    for    Aircraft    Purposes, 

Interim    Report  on  ...  ...  ...        -/6       ~/8 

C-L.  7270-  Screw  Threads,  British 
Standard   Whitworth  and  their 
Tolerances    (superseding    Nos, 
and  3t'),  Interim   Report  on  ...  ...        1  -       1/2 

CL.  7271.  Screw  Threads.  British 
Association,  with  Tolerances  foi 

sizes  Nos.  o  to  15  B.A.  (Superseding 

No.        ),   Interim    Report   on  ...  ...        1  -        12 
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WATF.Rr.ow  &  Sons  Limited,  49,  Parliament  Stkf.f.t, 

Westminster,  B.VV.  1. 


